
LongLong--Term Water Term Water 
Quality Responses to Quality Responses to 

Conservation Practices Conservation Practices 
in Nested Coastal Plain in Nested Coastal Plain 

WatershedsWatersheds

George VellidisGeorge Vellidis



PartnersPartners

•• University of GeorgiaUniversity of Georgia
Susan Crow, Gary HawkinsSusan Crow, Gary Hawkins

•• USDAUSDA--ARS Southeast Watershed Research Lab.ARS Southeast Watershed Research Lab.
David Bosch, Richard Lowrance, Dana Sullivan, Gary David Bosch, Richard Lowrance, Dana Sullivan, Gary 
FeyereisenFeyereisen

•• USDAUSDA--NRCSNRCS
Jimmy BramblettJimmy Bramblett

•• South Georgia Regional Development CenterSouth Georgia Regional Development Center
Emily Perry DavenportEmily Perry Davenport



FundingFunding

•• USDAUSDA--CSREES Integrated Research, CSREES Integrated Research, 
Education, and Extension CEAP Education, and Extension CEAP 
Competitive Grants ProgramCompetitive Grants Program

•• State and federal funds allocated to the State and federal funds allocated to the 
University of Georgia Agricultural University of Georgia Agricultural 
Experiment StationsExperiment Stations

•• CRIS project funds allocated to the USDACRIS project funds allocated to the USDA--
ARS Southeast Watershed Research ARS Southeast Watershed Research 
LaboratoryLaboratory



ObjectivesObjectives

•• To evaluate the effects of past and potential To evaluate the effects of past and potential 
conservation practices on water quality in a conservation practices on water quality in a 
coastal plain watershed;coastal plain watershed;

•• To evaluate social and economic factors To evaluate social and economic factors 
influencing implementation and maintenance of influencing implementation and maintenance of 
these conservation practices; andthese conservation practices; and

•• Train and educate stakeholders about these Train and educate stakeholders about these 
issues and the effects that their actions have on issues and the effects that their actions have on 
watershedwatershed--scale water quality.scale water quality.
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Where?Where?

•• Southeastern Coastal Southeastern Coastal 
PlainPlain

Suwannee River BasinSuwannee River Basin



Suwannee River BasinSuwannee River Basin

•• Representative of Representative of 
Coastal Plain Coastal Plain 
ecoregionsecoregions

•• 60% in Georgia, 60% in Georgia, 
40% in Florida40% in Florida

•• Priority watershedPriority watershed

•• LREWLREW



Little River Experimental WatershedLittle River Experimental Watershed

•• 334 km334 km22 (82,500 (82,500 acac) ) 

•• USDAUSDA--ARS ARS regional regional 
experimental experimental 
watershedwatershed

•• Established in late Established in late 
1960s1960s

•• 55thth order streamorder stream

LREWLREW



LREW ImpairmentsLREW Impairments

•• Main stemMain stem
low DOlow DO

•• TributariesTributaries
low DO, fecal low DO, fecal coliformcoliform, and sediment, and sediment

•• Typical of impairments in Coastal PlainTypical of impairments in Coastal Plain

•• No point sourcesNo point sources



LREW LREW LandcoverLandcover
During late 1970s (windshield surveys)During late 1970s (windshield surveys)

Agricultural land Agricultural land –– 36% to 54%36% to 54%
Row crops Row crops –– 31% to 41% 31% to 41% 

•• Most pasture land used for cowMost pasture land used for cow--calf calf 
operationsoperations

•• Remainder of the watershed in upland pine Remainder of the watershed in upland pine 
forest forest 

both natural regeneration and pine plantationboth natural regeneration and pine plantation



LREW LREW LandcoverLandcover

•• Forested riparian areas Forested riparian areas 
natural regenerationnatural regeneration

•• Some Some landcoverlandcover changes from 1975 to changes from 1975 to 
20052005

•• Minor increases in suburban Minor increases in suburban 
developmentdevelopment
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LandcoverLandcover Percentage of AreaPercentage of Area
UrbanUrban 2.72.7
PecanPecan 0.50.5
Mature DeciduousMature Deciduous 35.535.5
Mature Planted PineMature Planted Pine 2.82.8
Mixed Deciduous and PineMixed Deciduous and Pine 5.25.2
Young Planted PineYoung Planted Pine 0.30.3
WaterWater 1.41.4
WetlandWetland 9.19.1
Forested WetlandForested Wetland 2.82.8
CropCrop 24.724.7
PasturePasture 15.015.0

LandsatLandsat LandcoverLandcover in 1998in 1998



LREW Cropping HistoryLREW Cropping History

•• Important changes Important changes –– decrease in corn decrease in corn 
acreage and an increase in cottonacreage and an increase in cotton

•• Middle 1970Middle 1970’’s s –– major crops, roughly in major crops, roughly in 
order of acreageorder of acreage

corn, soybeans, peanuts, sorghum, tobacco, corn, soybeans, peanuts, sorghum, tobacco, 
and vegetables and vegetables 
no cottonno cotton



LREW Cropping HistoryLREW Cropping History

•• While small, vegetable acreage is increasingWhile small, vegetable acreage is increasing

•• No soybeans grown in the watershed over the No soybeans grown in the watershed over the 
past few yearspast few years

19951995 19961996 19971997 19981998 19991999 20002000
CottonCotton 54.154.1 55.855.8 59.759.7 57.157.1 61.561.5 64.564.5
PeanutsPeanuts 43.643.6 39.739.7 36.936.9 34.834.8 38.538.5 34.734.7
CornCorn 2.32.3 4.54.5 3.43.4 8.18.1 0.00.0 0.70.7

Percent of Total CropsPercent of Total Crops



USDA Conservation PracticesUSDA Conservation Practices
••
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USDA Conservation PracticesUSDA Conservation Practices

•• Late 1990s Late 1990s –– presentpresent
nutrient management nutrient management 
manure managementmanure management
conservation tillage (cotton)conservation tillage (cotton)
cover cropscover crops
filter stripsfilter strips
farm pondsfarm ponds



Inventory of Conservation PracticesInventory of Conservation Practices

•• Available Available –– historical historical 
database within LREW database within LREW 
for 1985 for 1985 -- 2005 2005 

entered into GISentered into GIS

•• Extend record to 1975Extend record to 1975



Riparian ForestsRiparian Forests
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Nutrient Retention by a Forested Riparian BufferNutrient Retention by a Forested Riparian Buffer
Nutrients (kg/year)Nutrients (kg/year)

PositionPosition
WaterWater

(m(m33/year)/year)
NONO33--NN NHNH44--NN TKNTKN

Original Total EnteringOriginal Total Entering 28,87528,875 30.7130.71 16.4016.40 108.42108.42 139.13139.13 315.1315.1 12.0112.01 20.9720.97

Original Total LeavingOriginal Total Leaving 22,12522,125 5.155.15 5.995.99 38.7338.73 43.8843.88 240.2240.2 3.233.23 5.415.41

Percent RetentionPercent Retention 15.3415.34 83.2283.22 63.4763.47 64.2864.28 68.4668.46 23.823.8 73.0673.06 74.2174.21

Total LeavingTotal Leaving 29,04729,047 6.776.77 7.867.86 50.8450.84 57.6157.61 315.4315.4 4.254.25 7.107.10

DifferenceDifference --172172 23.9423.94 8.538.53 57.5857.58 81.5281.52 0.00.0 7.767.76 13.8713.87

Difference (In Difference (In –– Out)Out) 4,4304,430 25.5525.55 10.4110.41 69.6969.69 95.2595.25 75.1675.16 8.778.77 15.5615.56

53.1153.1152.0452.0477.9777.97--0.600.60

TNTN ClCl POPO44--PP TPTP

Percent RetentionPercent Retention 58.5958.59 0.00.0 64.6464.64 66.1466.14

Vellidis G., R. Lowrance, P. Gay, R.W. Hill, and R.K. Hubbard. 2Vellidis G., R. Lowrance, P. Gay, R.W. Hill, and R.K. Hubbard. 2004. Nutrient transport in a 004. Nutrient transport in a 
restored riparian wetland. restored riparian wetland. Journal of Environmental QualityJournal of Environmental Quality 32(2):71132(2):711--726.726.



Hydrology & Water QualityHydrology & Water Quality
•• 8 8 nestednested watershedswatersheds

withwith vv--notchnotch weirsweirs

•• 334 km334 km22 (82,500 (82,500 acac) ) atat
StationStation BB

•• continuouscontinuous hydrologichydrologic
recordrecord sincesince 19741974

•• mostlymostly continuouscontinuous
waterwater qualityquality recordrecord
sincesince 19741974





3030--Year Hydrologic & Water Quality RecordYear Hydrologic & Water Quality Record
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Hypothesis Hypothesis –– NitrogenNitrogen

•• Establishment of trees (under CRP) Establishment of trees (under CRP) 
on highly on highly erodibleerodible crop land led to a crop land led to a 
change in N transport from LREW change in N transport from LREW 
with larger decreases for watersheds with larger decreases for watersheds 
with higher levels of tree with higher levels of tree 
establishment.establishment.



Hypotheses Hypotheses –– NitrogenNitrogen

•• Establishment of trees (under CRP) on highly Establishment of trees (under CRP) on highly 
erodibleerodible crop land led to a change in N transport crop land led to a change in N transport 
from LREW with larger decreases for watersheds from LREW with larger decreases for watersheds 
with higher levels of tree establishment.with higher levels of tree establishment.

•• Decrease in corn and increase in Decrease in corn and increase in 
cotton production led to decreases in cotton production led to decreases in 
N transport from LREW.N transport from LREW.



Hypothesis Hypothesis –– BuffersBuffers

•• Riparian forest buffers left voluntarily Riparian forest buffers left voluntarily 
by farmers have a larger positive by farmers have a larger positive 
impact on water quality than some impact on water quality than some 
practices installed under USDA costpractices installed under USDA cost--
share programs.share programs.



Hypotheses Hypotheses –– BuffersBuffers

•• Riparian forest buffers left voluntarily by farmers Riparian forest buffers left voluntarily by farmers 
have a larger positive impact on water quality have a larger positive impact on water quality 
than some practices installed under USDA costthan some practices installed under USDA cost--
share programs.share programs.

•• Farmers have left Farmers have left RFBsRFBs for a wide for a wide 
variety of reasons.variety of reasons.



ImplementationImplementation

•• Assess water quality effects of Assess water quality effects of 
conservation practices at multiple conservation practices at multiple 
temporal and spatial scales in LREWtemporal and spatial scales in LREW

•• Provide a geographic prioritization Provide a geographic prioritization 
for future implementation in the for future implementation in the 
watershed and similar watershedswatershed and similar watersheds

•• Cumulative Effects Analysis  Cumulative Effects Analysis  



Cumulative Effects Analysis (CEA)Cumulative Effects Analysis (CEA)

•• Recommended by the PresidentRecommended by the President’’s s 
Council on Environmental Quality Council on Environmental Quality 
(CEQ)(CEQ)

(CEQ, 1997)(CEQ, 1997)

““CEA allows analysts to determine the CEA allows analysts to determine the 
cumulative environmental consequences of cumulative environmental consequences of 
actions by delineating the causeactions by delineating the cause--andand--effect effect 
relationships between multiple actions and relationships between multiple actions and 
the resources, ecosystems, and human the resources, ecosystems, and human 
communities of concerncommunities of concern..””



CEA CEA →→ Conceptual ModelConceptual Model

•• Build a Conceptual Model to:Build a Conceptual Model to:
determine the cumulative water quality determine the cumulative water quality 
consequences of conservation consequences of conservation 
practicespractices



Property
Value

(reciprocal)

land cost
($/ha)

Restorability

wetland 
characteristics;

disturbance

Presence of:
Watershed

Protection Activities;
Conservation

Programs

watershed & 
environmental

protection groups;
conservation easements;

protected areas

Watershed 
Yield; Runoff 

Delivery; 
Runoff 

Interception

precipitation;  
topography, 
permeability; 
hydrologic 

connectivity; 
flow friction

Upstream Velocity; 
Flood Frequency; 

Interception

stream order; 
return period; 

structural modifications; 
hydrologic connectivity

land use; RUSLE;
unpaved road density;

conversion rate

Headwater
Response

Floodplain
Response

Community
Willingness Restorability

Headwater Sediment
Sources

Floodplain Sediment
Sources

Wetland Restoration for Sediment Yield Reduction:Wetland Restoration for Sediment Yield Reduction:
A Conceptual ModelA Conceptual Model

Descriptor

Concept

Indicator

Measurement
endpoint

Key

Benefit of Wetland Restoration
for Sediment Yield Reduction

Marginal Change in Total Downstream 
Sediment Yield per Restoration Dollar

(dSY/d$)

Marginal Change in Restored
Wetland Area per Restoration Dollar

(dRA/d$)

Marginal Change in Hydrologic 
Response per Restored Wetland Area

(dHR/dRA)

Marginal Change in Sediment Yield per 
Change in Hydrologic Response

(dSY/dHR)

Purchasing
Efficiency

Channel Sources;
Upland Runoff; 

Unpaved Road Runoff;
Development Site 

Runoff

total flow; bank materials; 
channel slope; contributing 
watershed area; sinuosity;

land use; RUSLE;
unpaved road density;

conversion rate

Upland Runoff; 
Unpaved Road Runoff;

Development Site 
Runoff

Vellidis et al., 2003. Prioritizing wetland restoration for sediment yield reduction: A conceptual model. Environmental Management 31(2):301-312.



Develop Conceptual ModelDevelop Conceptual Model

•• Accumulate relevant informationAccumulate relevant information

•• Panel of ExpertsPanel of Experts
biophysical interactions in coastal plain biophysical interactions in coastal plain 
watersheds watersheds 
socioeconomic factors influencing the socioeconomic factors influencing the 
adoption, implementation, and adoption, implementation, and 
maintenance of conservation practicesmaintenance of conservation practices



Implement Conceptual ModelImplement Conceptual Model

•• STELLA STELLA –– process model process model 
www.iseesystems.comwww.iseesystems.com

•• GIS to aggregate and visualizeGIS to aggregate and visualize

•• SWAT and REMM to test findingsSWAT and REMM to test findings

•• Recruiting PostRecruiting Post--DocDoc

http://www.iseesystems.com/


For more information:For more information:

Dr. George VellidisDr. George Vellidis
Biological & Agricultural Engineering DepartmentBiological & Agricultural Engineering Department
University of GeorgiaUniversity of Georgia
Tifton  GA 31793Tifton  GA 31793--07480748

voice:  229.386.3912        fax:  229.386.3958voice:  229.386.3912        fax:  229.386.3958

ee--mail:  mail:  yiorgos@uga.eduyiorgos@uga.edu

Thank you for your attention !!Thank you for your attention !!
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